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ABSTRACT
Objective: Childhood cancer is a leading cause of
child deaths in affluent countries, but little is known
about its aetiology. Psychological stress has been
suggested to be associated with cancer in adults;
whether this is also seen in childhood cancer is largely
unknown. We investigated the association between
bereavement as an indicator of severe childhood stress
exposure and childhood cancer, using data from
Danish and Swedish national registers.
Design: Population-based cohort study.
Setting: Denmark and Sweden.
Participants: All live-born children born in Denmark
between 1968 and 2007 (n=2 729 308) and in Sweden
between 1973 and 2006 (n=3 395 166) were included
in this study. Exposure was bereavement by the death
of a close relative before 15 years of age. Follow-up
started from birth and ended at the first of the
following: date of a cancer diagnosis, death,
emigration, day before their 15th birthday or end of
follow-up (2007 in Denmark, 2006 in Sweden).
Outcome measures: Rates and HRs for all childhood
cancers and specific childhood cancers.
Results: A total of 1 505 938 (24.5%) children
experienced bereavement at some point during their
childhood and 9823 were diagnosed with cancer
before the age of 15 years. The exposed children had a
small (10%) increased risk of childhood cancer (HR
1.10; 95% CI 1.04 to 1.17). For specific cancers, a
significant association was seen only for central
nervous system tumours (HR 1.14; 95% CI 1.02 to
1.28).
Conclusions: Our data suggest that psychological
stress in early life is associated with a small increased
risk of childhood cancer.

INTRODUCTION
Childhood cancer is a leading cause of child
deaths in affluent societies.1 2 Almost half of
childhood cancers are diagnosed before
5 years of age,2 highlighting the importance
of identifying early life risk factors for devel-
oping prevention strategies2 3 but, in com-
parison to adult cancers, known risk factors
are few.4 5 Additionally, heterogeneity and

rareness of childhood cancers make investi-
gation in populations challenging.
Studies in adults have reported increased

cancer risks following psychological stress.6 7

Psychological stress activates the nervous
system and the hypothalamic-pituitary-
adrenal axis, leading to release of hormones
such as glucocorticoids and norepinephrine.
Research has shown stress and the subse-
quent hormonal dysfunction can lead to
impairment of DNA repair8 and suppression
of the immune response.9 Additionally, stress
may lead to epigenetic silencing: altering
DNA methylation and histone acetylation,10
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which are important during tumour development.11–13

Little is known about the effect of stress in early post-
natal life on the risk of childhood cancers and the effect
of stress is potentially a much more complex exposure
in children than in adults. First, children have immature
body systems; growth and differentiation of their organs
can be disrupted,14 potentially increasing susceptibility
to environmental exposures. Through its effects on
immune function, stress may increase susceptibility to
infections, which have also been linked to certain child-
hood cancers.15–18 However, ‘resilience to adversity’19

might imply that stress may not lead to the same hormo-
nal and immunological disturbances observed in adults.
Our previous work on psychological stress in adults uses
bereavement, considered to be one of the most stressful
experiences,20 as an indicator for psychological
stress.6 21 Just as adults may engage in risk behaviours
following stress,22 children may be exposed to additional
risks (such as passive smoking, poor diet, physical inactiv-
ity or premature cessation of breast feeding) if parents
altered their own lifestyle because of bereavement, which
in turn impacts their children. However, the death of a rela-
tive may have further consequences for children. Other
changes may also occur following bereavement, including
reduced economic resources, changes in care23 or a
change in parents’ ability to fulfill parental roles owing to
their own grief.24 Another difference is that young children
lack an understanding about the consequences of death,24

and therefore the experiences of psychological stress fol-
lowing bereavement may vary compared with adults and
between age groups in childhood.
We investigated the association between bereavement

in early life and the subsequent risk of childhood
cancers. We hypothesised that that risks would be of a
larger magnitude following the death of a close relative
versus the death of other relatives, and sudden death
versus other death.6 21 In addition, we hypothesised that
risks would vary with timing of the exposure, owing to
differences in awareness of loss24 and susceptibility to
changes in family structure.23 24

MATERIALS AND METHODS
Study participants and follow-up
This population-based cohort study used data from
Danish and Swedish national registers and its design has
been described elsewhere.25 In brief, the unique civil
personal registration number, which is assigned to all
live-born children and new residents, was used to link
children to their relatives and to information on birth,
death, demographics, social data and various health out-
comes from different national registers. Children of
mothers with no personal registration number recorded
were excluded as they could not be linked to their
relatives (n=10 641; 0.17%). Additionally, children
diagnosed with cancer within 3 months and 12 months
of birth were excluded, to remove cancers likely to have
been prevalent at birth (n=348; 0.01%). The remaining

study populations included 2 729 308 children from
Denmark and 3 395 166 children from Sweden.
The exposure for the study is bereavement by the

death of a close relative. Children born in Denmark
from 1968 to 2007 and in Sweden from 1973 to 2006
were linked to their relatives (parents, siblings, mother’s
siblings and mother’s parents) by their personal registra-
tion number, using the Danish Civil Registry System and
the Swedish Multigeneration Register. Data on relatives’
deaths were obtained from the Danish Civil Registry and
the Swedish Cause of Death Registry. Follow-up started
at birth when all children were classified as ‘unexposed’.
Children would be categorised as ‘exposed’ when they
experienced the death of a close relative, and afterwards
contributed observation time for the exposed group.
Follow-up ended at the first of the following events: date
of a cancer diagnosis, death, emigration, day before
their 15th birthday or end of follow-up (31 December
2006 in Sweden and 31 December 2007 in Denmark).
Covariates were selected a priori according to the previ-
ous literature: potential confounders at the baseline
(birth) included maternal age (≤26, 27–30 and
>30 years), parity (1, 2 and ≥3), multiplicity, maternal
education level at birth (≤9, 10–14 and >15 years) and
maternal smoking during pregnancy. Data on covariates
were obtained from the Medical Birth Registries, the
Swedish Education Register and the Danish Integrated
Database for Labour Market Research.
The data on all incident cancers (ICD-7 codes

104-205, ICD-10 codes C00-97) diagnosed up to the 15th
year of age were obtained from the Swedish and Danish
National Cancer Registries.26 27 Additionally, specific
childhood cancer diagnoses previously suggested to be
related to stress, hormones or immune status were con-
sidered, including testicular cancer (ICD-7 178, ICD-10
C62),28 leukaemias (ICD-7 204, ICD-10 C91-95)29 30 or
lymphomas (Hodgkin’s lymphoma (ICD-7 201, ICD-10
C81) and non-Hodgkin’s lymphoma (ICD-7 200 and
202, ICD-10 C82-83)).21 30 31 As there is limited evidence
on childhood cancer aetiology, we also included central
nervous system (CNS) tumours (ICD-7 193, ICD-10
C70-72) and Wilms’ tumour (ICD-7 180, ICD-10 C69.2).

Statistical analysis
Statistical analyses were carried out using Stata 11. HRs
with 95% CIs were estimated using the Cox regression
model, accounting for some mothers having more than
one child with robust estimation. Proportional-hazards
assumption was evaluated using the estat phtest function,
which tests the assumption on the basis of Schoenfeld
residuals. The analyses were stratified by type of bereave-
ment (the death of a parent/sibling, or of another rela-
tive: mother’s parents or mother’s siblings), cause of
death (unexpected death owing to an accident, suicide
or violence or other death) and timing of the exposure
(age at exposure 0–1, 2–5, 6–9 or 10–14 years).20 32 33

Potential confounders (country, maternal age, parity
and multiplicity) were adjusted for. Additionally,
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stratification was carried out by sex, country, birth
weight, 5 min Apgar score and gestational age of the
children to assess for effect measure modification: chil-
dren born with low or high birth weight, preterm with a
low Apgar score, may be more susceptible to suffer
severe health consequences of hazardous exposures
early in life, such as stress. In subanalyses, we also
adjusted for data on smoking during pregnancy (which
were available from 1991 onwards in Denmark and from
1983 onwards in Sweden) and maternal education at
child birth (available from the start of the data in
Sweden (1973), but from 1980 onwards in Denmark).
These were considered to be possible confounders, but
were only available for limited periods and had a rela-
tively high proportion of missing values. Therefore, they
were included only in subanalyses to assess whether they
altered the results. Birth year was added to adjust for cal-
endar time. To check for the possibility of confounding
by a genetic predisposition to cancer, the analyses were
repeated following the exclusion of children whose
bereavement was caused by death of a parent from
cancer. Additionally, analyses were carried out where chil-
dren were moved to the exposed group 3 months and then
12 months after they experienced a death of a relative, to
allow some time for a potential physiological effect of the
bereavement. Finally, multiple imputations were carried
out for missing covariates using Stata’s ice command.
Maternal origin, birth year, birth weight and gestational
age were also included in the imputation model.

RESULTS
Of the 6 124 474 children, 1 505 938 (24.5%) experi-
enced death of a relative during the follow-up period of
71.9 million person-years. In the cohort, 9823 children
were diagnosed with cancer (incidence rate 13.7/
100 000 person-years), the most common being leukae-
mias (2882), cancers of the CNS (2546) and Wilms’
tumours (606). Of children exposed to death of a rela-
tive, 1350 received a diagnosis of childhood cancer.
The characteristics of the study population are pro-

vided in table 1. Children in the exposed group were
more likely to have low birth weight, to be of higher
birth order and to be born to mothers who were older,
of Nordic origin, with lower education levels and who
more often reported smoking during pregnancy.
Additionally, children in the exposed cohort were more
likely to have a low Apgar score at 5 min (table 1).
The associations between bereavement and childhood

cancer are displayed in table 2. Compared with unex-
posed children, exposed children had a slightly
increased cancer risk (HR 1.10; 95% CI 1.04 to 1.17).
When stratifying by the type of relative, the association
between parent/sibling death and childhood cancers
was positive, but statistically insignificant. For more
distant relatives, the association was smaller, but statistic-
ally significant. The association was also significant for
who experienced the death of a relative owing to a

disease and for those bereaved between 2 and 5 years of
age (table 2). Adding birth year, maternal smoking
during pregnancy and maternal education at birth to
the models did not alter the results (data not shown).
When we excluded children exposed to the death of a

parent from cancer (n=31 737), the overall risk of child-
hood cancer related to loss of a relative was almost
unchanged (HR 1.09; 95% CI 1.03 to 1.16); if the death
was because of a disease, the HR (95% CI) was 1.10
(1.04 to 1.18). Moving children to the exposed group
3 months (HR 1.09; 95% CI 1.03 to 1.16) or 12 months
(HR 1.08; 95% CI 1.01 to 1.16) after they experienced
the death of a relative also gave similar results. Following
imputation of missing data, results were not greatly
altered: the HR (95% CI) was 1.13 (1.07 to 1.20).
Stratified analyses were carried out to assess for effect

measure modification by sex, birth weight (low <2500 g,
normal 2500–3999 g, high ≥000 g), gestational age
(preterm <37 weeks, term ≥37 weeks) or 5-min Apgar
score (low <7, normal 7–10). The estimates for each
strata did not differ significantly, so significant effect
modification was not observed, but exposure groups
became small for these analyses. Additionally, the data
were stratified by country to see if the association was dif-
ferent in the two countries. While CIs for the HRs over-
lapped, the association between exposure and
childhood cancer was slightly larger for Sweden (HR
1.12; 95% CI 1.03 to 1.20) than for Denmark (HR 1.07;
95% CI 0.97 to 1.19).
The associations between bereavement and specific

childhood cancers are shown in table 3. A number of
cases were particularly small for testicular cancer and
Hodgkin’s lymphoma, and for exposure subgroups;
results from subgroups are therefore not displayed.
Those exposed were observed to have a significantly
increased risk for CNS tumours (HR 1.14; 95% CI 1.02
to 1.28). A positive association was also seen for leukae-
mia (HR 1.12; 95% CI 1.00 to 1.26) (table 3).

DISCUSSION
In this large population-based cohort study, a small but
statistically significant overall increased risk of childhood
cancer was observed among children exposed to
bereavement owing to the death of a family member.
Exposure was also associated with CNS tumours and leu-
kaemia. However, limited number of cases prevented us
from obtaining informative estimates for most of specific
childhood cancers. Whether this is causally related
to the stress exposure or a consequence of other factors
is unknown.
The main methodological strength of the study is the

use of the large, longitudinal, nationwide registers from
Denmark and Sweden. Data were collected prospectively
and is of high quality, with almost a complete
follow-up.34 Although childhood cancers are a leading
cause of childhood death in affluent countries, they are
not very common, making ad hoc follow-up studies rare.
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The cancer registries have high levels of complete-
ness.26 27 Bereavement owing to the death of a relative is
considered one of the most stressful life events,20 irre-
spective of coping style.35

A limitation is the uncertainty of induction and
latency periods for childhood cancer. The main analysis

was therefore repeated twice considering the start of
exposure to be 3 months or 1 year after they had experi-
enced the bereavement, allowing some time for a poten-
tial physiological effect of the bereavement. This did not
provide different results. Future research may suggest
more evidence-based lag times for childhood cancer

Table 1 Descriptive statistics of the study population

Variables
Exposed cohort
(n=1 426 013) n (%)

Unexposed cohort
(n=6 123 531) n (%) p Value

Sex

Male 773 690 (51) 3 143 231 (51)

Female 732 244 (49) 2 980 280 (49)

Missing 4 (<1) 20 (<1) 0.564

Birth weight* (g)

<2500 68 125 (5) 232 387 (4)

2500–3999 1 119 223 (77) 4 024 314 (75)

≥4000 250 538 (17) 914 659 (17)

Missing 22 344 (2) 215 793 (4) <0.01

Maternal age

≤26 519 495 (35) 2 398 883 (39)

27–30 443 592 (30) 1 777 990 (29)

≥31 542 782 (36) 1 946 022 (32)

Missing 69 (<1) 636 (<1) <0.01

Gestational age (weeks)*

<37 82 407 (6) 82 407 (6)

≥37 1 351 860 (93) 1 351 860 (93)

Missing 25 961 (2) 25 961 (2) <0.01

Parity†

1 582 558 (41) 2 648 077 (46)

2 519 142 (37) 2 030 259 (35)

≥3 305 963 (22) 1 059 912 (18)

Missing 806 (<1) 10 633 (<1) <0.01

Maternal education‡ (years)

Low, ≤9 701 579 (49) 2 306 817 (44)

Middle, 10–14 398 797 (28) 1 461 584 (28)

High, ≥15 296 247 (21) 1 046 192 (20)

Missing 44 454 (3) 442 534 (8) <0.01

Maternal smoking during pregnancy§

Yes 222 980 (26) 703 266 (19)

No 572 800 (66) 2 674 088 (72)

Missing 69 925 (8) 315 934 (9) <0.01

Singleton†

Yes 1 437 016 (97) 5 451 148 (95)

No 39 129 (3) 147 173 (3)

Missing 10 030 (1) 150 560 (3) <0.01

Apgar score at 5 min*

Low, 0–6 13 960 (1) 52 667 (1)

Normal, 7–10 1 352 106 (93) 4 946 721 (92)

Missing 94 162 (6) 387 762 (7) <0.01

Country

Denmark 663 820 (44) 2 728 862 (45)

Sweden 842 118 (56) 3 394 669 (55) <0.01

Maternal origin

Nordic 1 482 681 (99) 5 758 361 (94)

Non-Nordic 19 532 (1) 333 804 (6)

Missing 3725 (<1) 31 366 (1) <0.01

*Available from 1978 in Denmark and from 1973 in Sweden.
†Available from 1973 in Denmark and from 1973 in Sweden.
‡Available from 1980 in Denmark and from 1973 in Sweden.
§Available from 1991 in Denmark and from 1983 in Sweden.
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research. Compared with the unexposed group, there
were fewer missing values for some covariates in the
exposed group. This may partly be related to a higher
proportion of children born to mothers of Nordic origin
in the exposed group (98.5% compared with 94.0%), as
information for mothers of non-Nordic origin may be
less complete. We did not have information on other
stressful events, for example, parental divorce or the
death of a caregiver. However, those who experienced
other causes of stress would be categorised as ‘unex-
posed’, and such misclassification would probably draw
risk estimates towards the null. Finally, despite a large

sample size, case numbers for some specific cancers
were small.
We have previously reported that mothers who experi-

ence the death of a child have increased cancer risk,6

and if mothers are exposed to bereavement during preg-
nancy, the risk of some childhood cancers in the off-
spring is increased.21 Considering the differences in the
effects of stress in children compared to adults, we
hypothesised variation in the size of the association
based on age at bereavement, as there may be little
awareness of a loss at a very young age. Although a sig-
nificant increase in risk was seen following bereavement

Table 3 HR for specific childhood cancers according to bereavement

Cancer Cases (rate per 100 000 person-years) Crude HR Adjusted HR (95% CI)*

Leukaemias

Unexposed 2522 (4.06) 1.0 (ref) 1.0 (ref)

All exposed 360 (3.70) 1.2 1.12 (1.00 to 1.26)

Hodgkin’s lymphoma

Unexposed 123 (0.20) 1.0 (ref) 1.0 (ref)

All exposed 43 (0.44) 1.29 1.17 (0.81 to 1.67)

Non-Hodgkin’s lymphoma

Unexposed 441 (0.71) 1.0 (ref) 1.0 (ref)

All Exposed 68 (0.70) 1.03 0.99 (0.76 to 1.29)

CNS tumours

Unexposed 2160 (3.48) 1.0 (ref) 1.0 (ref)

All exposed 386 (3.97) 1.19 1.14 (1.02 to 1.28)

Wilms’ tumour†

Unexposed 564 (0.91) 1.0 (ref) 1.0 (ref)

All exposed 42 (0.43) 0.98 0.93 (0.68 to 1.28)

Testicular cancer

Unexposed 50 (0.08) 1.0 (ref) 1.0 (ref)

All exposed 5 (0.05) 1.16 1.08 (0.41 to 2.88)

*Adjusted for country, maternal characteristics at birth (maternal age and parity) and whether child was a twin.
†Proportional hazards assumption not met by model for this cancer subtype.

Table 2 HR for all childhood cancers according to exposure status

Bereavement
Cancer cases (rate 1/100 000
person-years) Crude HR Adjusted HR (95% CI)*

All exposed 1350 (13.88) 1.15 1.10 (1.04 to 1.17)

Type of deceased relative

Parent/sibling 140 (14.44) 1.20 1.18 (0.99 to 1.41)

Other relatives 1210 (13.82) 1.14 1.09 (1.03 to 1.16)

Cause of death

Unexpected 132 (12.83) 1.06 1.03 (0.87 to 1.23)

Other 1217 (14.07) 1.16 1.11 (1.04 to 1.19)

Age at exposure (years)

0–1 350 (14.88) 1.10 1.06 (0.95 to 1.18)

2–5 536 (13.88) 1.17 1.13 (1.03 to 1.23)

6–9 306 (12.48) 1.13 1.08 (0.95 to 1.21)

10–14 158 (14.88) 1.17 1.14 (0.99 to 1.39)

Unexposed 8473 (13.64) 1.0 (ref) 1.0 (ref)

*Adjusted for country, maternal characteristics at birth (maternal age and parity) and whether child was a twin.
Reduced to 9382 failures (and 9381 for unexpected vs other) owing to missing values for covariates and twin/singleton data availability
from 1973.

Momen NC, Olsen J, Gissler M, et al. BMJ Open 2013;3:e002864. doi:10.1136/bmjopen-2013-002864 5

Early life bereavement and childhood cancer



between the ages of 2–5 years, there were no significant
differences between age groups. One potential reason is
that bereavement, particularly of a close relative, can be
a long lasting stressor leading to allostatic load,36 and
not limited to the period immediately after bereave-
ment. Other studies looking at stressful life events and
malignant disease in adults have produced mixed
results: some found no association,37–42 while some have
reported increased risks.6 7 Most studies have included
less severe stress exposures than the loss of a close rela-
tive, and similar to our findings, positive associations
have generally been of modest magnitude, indicating
that if stress is a causal factor it is only one of the many
potential causes.
Although it is unlikely that bereavement increases

risks for all childhood cancers, the observed associations
suggest a role of hormonal disturbance perhaps as a
general promoter. The function of immune cells follow-
ing a stressful exposure may impair the ability to detect
and deal with cancerous cells and eliminate infections.
For example, in adults, stress may inhibit apoptosis.9

Bereavement during childhood has been described as a
‘tolerable stress’, which can be overcome with the right
support, but may become ‘toxic’ if unmanaged.43 Thus,
insufficient coping and limited social support may
further lead to allostatic load prolonging the hormonal
imbalance. Whether the associations reflect a direct
causal effect of stress or an indirect effect, mediated by
other changes (eg, diet, infections or family dynamics),
or are a result of unadjusted confounding is not known.
We do not know more than a small fraction of child-
hood cancer causes, making confounder adjustments far
from complete. We had expected that any observed
increases in childhood cancer in the exposed group to
be related to increases in cancers related to hormone
and immune status. While an increase was seen for leu-
kaemias, it was also seen for CNS tumours, which was
not based on an a priori hypothesis. However, the ‘two-hit
theory’44 and multistep theory45 of carcinogenesis
suggest that at least two mutagenic hits are necessary for
cancer development; research has suggested that some
childhood cancers, including leukaemias46 and CNS
tumours,47 are initiated in utero. If psychological stress
does affect childhood cancer risk, bereavement may act
as or facilitate the second ‘hit’. The need for exposure to
a risk factor during gestation to initiate the development
of a childhood cancer and the vast number of other
potential causes of ‘hits’ could explain the relatively small
association seen in this study, for cancers which have
been suggested to be initiated in utero.
If stress has a causal relation with certain childhood

cancers, it would be expected to vary with the intensity
of stress. However, stress is a ‘highly individualistic
experience’,48 which may make it difficult to consider a
dose-response effect. The risk of childhood cancer was
not higher in those who lost a parent or a sibling than
in those who lost a more distant relative. Additionally,
there were no differences in risk if the loss was sudden

or because of a disease, but the numbers become small
for these sub-analyses. It is also difficult to hypothesise,
especially in this age group, which would cause a greater
level of stress: an unexpected loss or loss from a chronic
disease. A long-term effect may be more important,
which follow either types of loss.
Our data suggest that psychological stress in early life

is associated with an increased risk of some childhood
cancers. Early life bereavement may also have long-term
effects on cancer risk. For example, epigenetic changes
or impairment of DNA repair may reduce the body’s
ability to deal with the future carcinogenic expo-
sures.8 12 13 Inclusion of data from more countries or
over a longer time period could provide greater power
to better assess the association between stress and spe-
cific cancers. The association between early life stress
and childhood cancer was small, but adds to our general
understanding of the causes and development of child-
hood cancers.
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